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HYBRID THERMAL INTERFACE MATERIAL CONFIGURATION 
 





Presented herein is a hybrid Thermal Interface Material (TIM) construction that 
combines two different types of TIM material to always maintain contact in the center of 
the package, but also allow contact over the rest of the package when warped due to high 
temperatures when cooling is most critical. 
 
DETAILED DESCRIPTION 
High power Application Specific Integrated Circuits (ASICs) and other 
semiconductor devices are difficult to cool, especially when considering warpage that can 
occur over the full temperature range at which the device is operated. The semiconductor 
lid or die needs to be coupled a heatsink or a cold plate using a thermal interface material 
(TIM). To be most effective, the TIM should be very thin.  This also called the bond line 
thickness (BLT) of the TIM or BLT). But under warpage, a thin TIM may lose contact 
between the heatsink and the device, which can then lead to thermal runaway. 
Presented herein is a hybrid TIM construction that combines two different types of 
TIM material to always maintain contact in the center of a package, but also allow contact 
over the rest of the package at high temperatures when cooling is most critical. 
Figures 1(a) and 1(b) below are diagrams illustrating how a TIM that is a Phase 
Change Material (PCM) melts out and shrinks under heat and pressure. For a 
semiconductor device with a lid, the state-of-the-art TIM material is typically a PCM. This 
material starts at ~0.3mm thick (BLT) and is sandwiched between the ASIC lid and the 
heatsink or cold plate. Under pressure, the TIM melts out and shrinks in thickness to 
approximately 0.05mm BLT. This very thin layer, coupled with the high conductivity of 
the TIM, provides good thermal connection between the lid and the heatsink or cold plate 
(with only a small thermal penalty).  
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 (a) (b) 
Figure 1: TIM Comprising a PCM Pre-melt (a) and post melt (b). 
 
There is always some warpage that occurs on the top lid over temperature, and the 
warpage can change as a device heats up or cools down. Depending on the warpage profile, 
some devices might lose contact in the center at higher temperatures due to the package 
warpage. The warpage at high temperatures, coupled with the fact that most of the heat is 
dissipated in the middle of the package, can lead to thermal runaway when contact is lost 
in the middle of the package. 
A related problem is that under thermal cycling (and the related warpage 
variations), a PCM TIM can continue to thin out and that can exacerbate the contact 
problem, making thermal runaway worse over time. Thermal greases are another TIM 
option that have very good thermal properties, but thermal cycling can lead to pump out 
(where the grease gradually is pushed out of the thermal interface), ultimately leading to 
thermal failures. 
Figures 2(a) and 2(b), below, illustrate these concerns.  Figure 2(s) illustrates a 
typical package warpage profile at low temperatures.  Figure 2(b) illustrates at the 
dangerous and sometimes typical warpage at higher temperatures. With this warpage, and 
with the thin PCM TIM material, air gaps can form and cause thermal runaway. 
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 (a) (b) 
Figure 2: Typical package warpage profile at (a) low temperatures and (b) at higher 
temperatures. 
 
Warpage as illustrated above in Figures 2(a) and 2(b) can be a product of the 
combination of package choices (large Ball Grid Arrays (BGAs) are especially prone to 
this) and the printed circuit board (PCB) design. One possibility to solve this is to use a 
different TIM material. There are many to choose from, for instance, thin gap pad type 
TIM materials are available. These are thicker than the melted PCM material but might 
help maintain contact under warpage (if the gap pad is somewhat compressible and springs 
back from the compression to fill any gaps). But often, though they are thicker, they cannot 
always maintain contact in the critical center of the device due to flexibility limitations 
when the lid warps down at high temperatures (when covering the complete lid). 
Reference is now made to Figure 3, below, which shows a hybrid TIM 
configuration.  A hybrid TIM solution marries two different types of TIM material to 
always maintain contact in the center of the package, but also allow contact over the rest 
of the package at high temperatures when cooling is most critical. The package may be a 
lidded device or a bare die.  
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Figure 3: An example hybrid TIM configuration. 
 
As shown in Figure 3, above, in the middle or center is a circle of gap pad TIM, 
which, as described above, does not melt to a thinner thickness. The circle or other shape 
(square, rectangle etc.) of the gap pad TIM is large enough to maintain contact between the 
heatsink and the chip lid (or bare die) in the critical center under whatever warpage occurs 
at the case temperatures of interest. This means that the gap pad area can compress and 
expand under different warpage conditions (concave or convex). The gap pad may creep 
over time due to the weight/force/pressure applied by the heatsink and/or package. 
As an example, the gap pad TIM is an interface material with high conductivity and 
greater conformability. The gap pad TIM has electrically isolating properties that are good 
for use in applications involving isolations between heat sinks and high voltage, such as 
bare leaded devices.  In one example, the gap pad TIM may be made of silicone and non-
silicone material.  Thus, the gap pad TIM is in a solid state (albeit often soft) that may be 
made of silicone or silicone-like material. The gap pad TIM provides thicker bond lines, 
but may involve a higher force to press the heat sink on the heat source so that the thermal 
pad conforms to bonded surfaces. 
Surrounding the gap pad TIM is a PCM TIM that covers the rest of the package lid.  
A PCM TIM may be made of naturally sticky materials. After achieving a melting point, 
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the PCM changes to a half liquid status and fills all gaps between the heat source and the 
heat sink.  
 The total surface lid area is important in transferring heat to a heatsink. However, 
the center of the lid is where heat flux is most significant and where warping occurs. 
Therefore, the gap pad is located at the center. The PCM surrounding the gap pad absorbs 
force from the package due to warpage and prevents the gap pad from being crushed and/or 
creeping under the high load. The PCM further transfers some heat away from the package. 
Without the PCM, the solution may not work as well. 
Variations of the hybrid TIM configuration are envisioned in which a thermal 
grease is used in the center and is surrounded by a gap pad TIM, for example.  
Figures 4(a) and 4(b), below, illustrate the hybrid TIM construction from a side 
view. The gap pad TIM always maintains contact in the center if it is sized correctly. The 
PCM TIM contacts the rest of the package at higher temperatures, transferring heat from 
the package to the heatsink. Additionally, at low temperatures, when the ASIC package 
warps away from the PCM TIM, the PCM may still facilitate transferring and distributing 
heat from gap pad across the surface of the heatsink. That is, heat may be transferred from 
the package to the gap pad TIM, which transfers the heat directly to the heatsink and 
indirectly to the heatsink through the PCM TIM.  
 
 (a) (b) 
Figure 4: A side view of the hybrid TIM construction at (a) low temperatures and (b) at a 
high temperature. 
 
Figure 5(a), below, shows the pressure profile at lower temperatures and Figure 
5(b), below, shows the pressure profile at higher temperatures. As shown in Figures 5(a) 
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and 5(b), pressure testing shows the advantage of the hybrid construction: good contact is 
always maintained in the center, at both low and high temperatures. At high temperatures, 
contact is also made on the rest of the package lid. To achieve constant contact between 
the gap pad and package, the gap pad thickness may be selected to be 50% thicker than a 
conventional gap pad used in a similar circumstance. The gap pad is compressed by 30% 
when disposed between the heatsink and package. When the package warps away from the 
heatsink, the gap pad can bounce back or expand (though still in a slightly compressed 
state) to maintain contact and prevent an air gap from forming. Thus, the gap pad maintains 
contact with the package under high and low temperatures.  
         
 (a) (b) 
Figure 5: Pressure profiles of the hybrid TIM construction at (a) low temperatures and 
(b) at a high temperature. 
 
During use, the ASIC runs lightly hotter with the hybrid TIM as compared to an 
ASIC with a conventional PCM TIM. However, at extreme conditions, hybrid TIM 
prevents ASIC temperature runaway. Conversely, under similar circumstances, the 
conventional PCM TIM separates from the package allowing for temperature runaway of 
the ASIC leading to an overheat condition. Accordingly, by maintaining contact with the 
center of the package, ASIC thermal runaway is prevented. 
 By comparison, Figure 6, below, shows the pressure profiles seen with just PCM 
TIM for a device that has high temperature warpage. The loss of pressure in the middle of 
the device is evident in this figure, leading to thermal runway.  
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Figure 6: Pressure profiles of a non-hybrid TIM for a device experiencing high 
temperature warpage. 
 
In summary, a hybrid TIM configuration is provided that helps maintain contact in 
the critical center of a lid and prevent thermal runaway. If a lid is always flat enough where 
a PCM material can maintain contact over the temperature of interest, the most efficient 
cooling solution can be achieved with the PCM TIM material. For other situations, a hybrid 
TIM setup can be deployed with a small thermal penalty, while preventing catastrophic 
thermal runaway. A hybrid TIM setup can help prevent thermal runaway and stabilize a 
high power large body ASIC or semiconductor device under warpage. 
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